A pulsed laser produces a rapid small temperature rise in biological tissue, which leads to emission of ultrasonic waves due to thermoelastic expansion. The short-wavelength ultrasonic waves are then detected to form high-resolution tomographic images.
Introduction
Photoacoustic tomography (PAT) refers to imaging that is based on the photoacoustic effect. The motivation for PAT is to combine optical-absorption contrast with ultrasonic spatial resolution for deep imaging in the optical quasi-diffusive or diffusive regime, which is >1 mm in most biological tissues. In PAT, the tissue is irradiated by usually a short-pulsed laser beam to achieve a thermal and acoustic impulse response. Locally absorbed light is converted into heat, which is further converted to a pressure rise via thermoelastic expansion. The initial pressure risedetermined by the volumetric specific optical absorption (mJ/cm 3 ) and other thermal and mechanical properties-propagates as an ultrasonic wave, which is referred to as a photoacoustic wave. The photoacoustic wave is detected by an ultrasonic transducer, producing an electric signal. The electric signal is then amplified, digitized and transferred to a computer.
To form an image, a single-element ultrasonic transducer is scanned around the tissue; alternatively, an ultrasonic array can be used to acquire data in parallel. PAT has two major forms of implementation. One is based on a scanning focused ultrasonic transducer. Dark-field confocal photoacoustic microscopy belongs to this category. The other is based on an array of unfocused ultrasonic transducers in combination with a reconstruction algorithm.
hemoglobin and melanin. Concentrations of multiple chromophores whose spectra of absorption coefficient are different can be quantified simultaneously by varying the wavelength of the irradiating laser. Such quantification of oxygenated and deoxygenated hemoglobin, for example, can provide functional imaging of the total concentration and oxygen saturation of hemoglobin.
Spatial resolution
The spatial resolution of PAT is derived from ultrasonic detection in the photoacoustic emission phase. Due to strong optical scattering, pure optical imaging in biological tissue has either shallow imaging depth or low spatial resolution. Although light scattering broadens and attenuates light reaching an embedded object, the resulting ultrasonic signal provides better resolution than the optical signal in the optical quasi-diffusive or diffusive regime because ultrasonic scattering is 2-3 orders of magnitude weaker than optical scattering. The image resolution, as well as the maximum imaging depth, is scaleable with the ultrasonic frequency within the reach of diffuse photons. Specifically, as the ultrasonic center frequency and bandwidth increase, the spatial resolution improves at the expense of imaging depth because ultrasonic attenuation increases with frequency. In addition, PAT provides images devoid of speckle artifacts, which are conspicuous in both ultrasound and optical coherence tomography images. Biotechnology, vol. 24, pp. 848-851, 2006.] 
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